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Abstract 
Two-way Automatic Communication System (TWACS) eliminates most of harmonic and noise 
interference from power network by way of the time-domain difference technology. Then the modulating 
signal is demodulated by judging the direction of it. In order to improve the communication performance, 
this paper puts forward a method to reduce the electric network noise in the difference signal based on IIR 
band-pass filter. The variation of the cross correlation coefficient of detection signal and reference signal 
can reflect the improved results. The analysis and comparison of field measured signal have shown that 
this method is much more reliable than the traditional method. 
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1. Introduction
Two-way Automatic Communication System (TWACS) is an innovative and powerful technology to
send signals on power lines[1]. It can directly across the transformer to communicate, so it has very highly 
practical value. It uses thyristors to cause a small controlled distortion on specific cycles of the voltage 
waveform at the sending end of a distribution feeder. The presence of the voltage distortion can be 
interpreted as digital “1” and non-presence as digital “0”[2]. The frequency of TWACS signal is between 
200Hz to 600Hz[3], on which the cyclical noise synchronized with power frequency and the sudden noise 
are impacted greatly, so the key that TWACS is applied in distribution systems is how the usable 
communication signals are detected from the strong interference of power network .  
When the TWACS signal is detected, the difference technique is usually used to suppress most of the 
grid’s background interference in order to protrude the modulation signal. But the distortion is week, 
disturbance in the grid is strong, and signal to noise ratio of TWACS is still low. Therefore, according to 
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the characteristic of TWACS signal, this thesis adopts IIR band-pass filter to curb grid’s noise. The 
analysis and comparison of field data have proved that this method can effectively increase the reliability 
and accuracy of the detection process. 
2. Acquisition of TWACS difference signal 
Taking TWACS downlink signal for example, the downstream data uses Manchester coded 
modulation. In the case of getting the preliminary cycle of coded data, most of grid’s interference can be 
removed by subtracting two consecutive voltage signal[4], and the positive and negative of modulating 
signal depend on the information of data in the difference signal.  
Let          be the information of bipolar downstream data,            be the difference noise, Δ  be the 
zero-crossing time difference of the transmitter and receiver of voltage signal  
β ,δ  be the distorted signal’s amplitude attenuation and transmission delay respectively. Based on 
the zero-crossing point of local voltage, user terminals can express the difference signal as: 
                                                     (1) 
In           , ( )v t  is the modulating signal, distorted signal's direction depends on the information of data. 
So the data demodulation can be achieved by judging the direction of modulating signal in             . 
The frequency of TWACS signal is between 200Hz to 600Hz, on which the cyclical noise 
synchronized with power frequency and the sudden noise are impacted greatly, so the communication 
performance can be improved by suppressing electric network noise based on IIR band-pass filter.
3. IIR digital band-pass filter design 
Using mature theory and design method of analog filter to design IIR digital filter is frequently 
adopted. Low-pass analog filter should be designed first, which will be converted to a corresponding 
(high-pass, band-pass, etc) analog filter. Then it will be converted to high-pass, band-pass, band-stop 
digital filter. 
There are FIR and IIR band-pass digital filters. Because it is more easy to design an IIR digital filter 
according to the transfer function of analog filter, this paper designs an IIR band-pass digital filter by this 
method to filter the signal. 
 The IIR band-pass filter can be designed as follows: 
                                              (2) 
Because the frequency response curve of Butterworth filter has the characteristics of maximum flat and 
also no ups and downs in transmission bands. So this paper matches this kind of analog filter to design the 
IIR digital filter. 
According to the characteristics of the TWACS signal, this paper designs an IIR digital filter based on 
Butterworth low-pass analog filter. Its transmission bands is between 200Hz to 600Hz, its maximum 
attenuation is 3dB in the transmission bands, attenuation band is below 100Hz and above 700Hz, 
minimum attenuation is 8dB,and sampling frequency is 10000Hz. 
Its system function is: 
 (3) 
This paper  uses above filter to filter the modulating signal. 
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4. Comparison of measured data 
The effect of noise suppression can be reflected from the SNR or cross correlation coefficient. Because 
the general form of the TWACS signal has been known, and time-frequency analysis can confirm the 
time domain of signals[5], this paper adopts the change of pre and post cross correlation coefficient to 
reflect the effect of noise reduction. 
Cross correlation coefficient could reflect the similar degree between detected signal and reference 
signal. Therefore, the change of this coefficient before and after filtering could reflect the effect of signal 
suppression.
When the sending end continuously modulates data "1", the less interference is, the closer ρ  is to “1”. 
Therefore, the increment of cross correlation coefficient can reflect the effect of noise suppression. 
                                                                        (4-1) 
ρΔ is greater, the effect of noise suppression is better. When ρΔ <0, noise reduction is failure. 
The cross correlation coefficient is calculated by LabVIEW in this paper. The reference signal is 
created in LabVIEW. Then the cross correlation coefficient of detection signal and reference signal can 
be calculated by LABVIEW. 
Fig 1 shows the effect of noise suppression when synchronizing composite voltage signal has been 
mixed with white noise. After filtering, the noise is suppressed, and the cross correlation coefficient is 
increased. 


























                                        0.75ρ =                                                          0.83ρ =
Fig 1. effect of filtering the synchronous composite signal 
0 iρ ρ ρΔ = −
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Fig 2 shows the effect of noise suppression when actual measured voltage difference signal have been 
filtered mixed with white noise. After filtering, the cross correlation coefficient has also been increased. 
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Fig 2. effect of filtering the difference signal 
Table 1 shows the results of        ,      ,        when the 20 groups of field measured difference signal has 
been filtered. 
Table 1.  Effect of the noise suppression. 
 1 2 3 4 5 6 7 8 9 10 
iρ  0.12 0.17 0.26 0.38 0.44 0.46 0.51 0.54 0.58 0.61 
oρ  0.25 0.25 0.35 0.30 0.50 0.58 0.61 0.67 0.68 0.54 
ρΔ  0.13 0.08 0.09 -0.08 0.06 0.12 0.10 0.13 0.10 -0.07 
 11 12 13 14 15 16 17 18 19 20 
iρ  0.63 0.68 0.70 0.74 0.78 0.80 0.83 0.88 0.90 0.93 
oρ  0.54 0.84 0.76 0.83 0.89 0.85 0.92 0.93 0.94 0.85 
ρΔ  -0.09 0.16 0.06 0.09 0.11 0.05 0.09 0.05 0.04 -0.08 
The table shows that, in the vast majority of cases, after filtering, the electric network noise has been 
effectively suppressed. 
iρ oρ ρΔ
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Peroration 
TWACS can adapt to the complex environment of distribution network[6]. Based on the simulation of 
field data, the results show that this method can improve communication performance effectively and 
enhance the reliability of TWACS communication. 
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